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Abstract 
The wind can be one kind of clean renewable energy, and plays an important role in this short-energy time. To 
analysis of sensitivity of the environmental value of wind power, firstly calculates the emission rate of the majority 
pollutants using the theory of environmental value, secondly calculates the environmental value of the majority 
pollutants, and then calculates the environmental value of wind power on the basis of 500MW thermal power plant, 
and the result is 0.4494675 Yuan/KWh, far higher for nature gas. In the last, sensitive the environm ental value of 
wind power. The result shows that the sensitivity  of the environmental value of CO2 to the environmental value of 
wind power is dominant, while other pollutants are less sensitive to the environmental value of wind power, and 
comparing to other powers, the environmental value of wind power is remarkable. 
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1. Introduction 
With conventional resources on the earth increasingly depleted, wind energy, a kind  of renewable 
energy, has come to play a significant role in compensating for conventional energy shortages because of 
its advantages on exploitation prospect and technical maturity. According to related data released by 
Global Wind Energy Council, wind resources of the world  approximately amount to 2.74u 109MW and 
available resources reach 2u107MW, of which the utilizat ion of one percent is good enough to satisfy 
world ’s energy demand. China is rich in wind resources and proved  reserves have arrived at around 
3226GW. Calculated in accordnce with the standard of ten meters high from the land, China’s available 
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land wind resources reach 253GW that account for nearly 7.84% of China’s total reserves, while China’s 
available marine wind resources amount to 750GW, around 23.25% of the total. Clean and safe wind 
power, unlike coal, oil and nuclear power, does not pose any threat to the environment. Its enormous 
value on energy saving and emission reduction makes wind energy the most preferred alternative energy. 
Using sensitive analysis, wind power’s environmental value in terms of emission reduction is quantified 
in this paper so as to illustrate its superior value in emission reduction through a comparison with other 
forms of power generation.  
2. Wind power’s environmental value in reduction emission 
2.1.  Measure of each coal-fired pollutant’s emission rate 
Environmental value is a monetized environmental benefit  and interpreted as the value derived from 
pollutant emission reduction. Wind power’s environmental value is generally  assessed by contrast with 
conventional coal power and its measure is given in Eq.1, among which B with its unit being RMB Yuan 
stands for environmental value of wind power, n denotes the number of pollutants,   with its value being 
RMB Yuan/kg represents environmental value of pollutant i and   with its unit being kg is expressed as 
reductions of pollutant i.  
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x Measure of emission rate of SO2 
The sulfur content in coal and the conversion rate sulfur gas are main  factors affect ing coal-fired SO2’s 
emission rate. SO2 emissions of coal-fired power plant is calcu lated in accordance with Eq.2, among 
which   denotes SO2 emission rate (kg/ton), B stands for coal consumption (ton),   denotes coal-fired 
application-based sulfur content (%),  represents conversion rate from coal sulfur to gas sulfur,   stands 
for molar rate of SO2 to sulfur (generally equal to 2) and  denotes desulphurization efficiency (%). 
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Each parameter’s value in Eq.2 is listed below. We make B equal to 1 ton. In accordance with 
requirements of environmental protection, sulfur content rate of power generation’s coal is not more than 
1%, while China’s actual value is 1.74%. In order to better illustrate China’s real situation, we make   
equal to 1.74%. And   is valued at 90%[1]. If desulphurization equipment is added, rate of flue gas 
amounts to 50% and desulphurization efficiency reaches 96%[2] , therefore its emission rate of SO2 is 
calculated as 1000 1.74% 90% 2 ˄1-96%˅=1.2528Kg/t. 
x Measure of emission rate of CO2 
CO2 is an  important greenhouse gas emitted from coal-fired power plant, and its emission rate is 
measured in accordance with Eq.3, among which  denotes emission rate of CO2(kg/t), B stands for coal 
consumption(kg), Q means calorific value o f unit  coal(MJ/kg), E represents potential carbon emissions 
per unit of heat value(t/KJ),   denotes oxidation rate of carbon in fuel and   stands for molar rate of CO2 to 
carbon (generally equal to 3.667). 
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As far as China’s coal is concerned, Q, E and   are 21.2, 24.74 and 0.9 respectively. Therefore, we 
calculate emission rate of CO2 as 
 2 1 21.2 24.74 0.9 3.667 1730.9COG  u u u u   x Measure of emission rate of NOX 
NOX is another major pollutant emitted from conventional coal-fired power plant and embraces NO, 
N2O, N2O3, NO2, N2O4, N2O5 and so on. NO generally has accounted for 90% of emitted NO X. In 
addition, NOX includes so various gases that it is difficult in calculating its emission rate precisely. 
Therefore, we take emission rate of NO as a proxy of emission rate of NOX. Okazaki obtained the 
measure of emission rate of NO through the adoption of multivariate regression as follows (in Eq.4) 
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Among the equation, CR denotes emission rate of NO, N means nitrogen content in coal, V stands for 
volatile  content in coal,   represents stoichiometric ratio of oxygen to fuel,   means maximum temperature 
of furnace flame and   denotes initial oxygen content in air. According  to related parameters’ values, CR 
is calculated as 8Kg/t. As for emission rate of other pollutants, we assume from related references that 
calorific value of unit coal is 21.2MJ/kg, dust is 5%, sulphur content is 1% and electrostatic collection 
efficiency is 99% so as to figure out emission rate of other pollutants (As shown in Tab le.1).Based on 
above analysis, emission rate of each major pollutant when one ton of coal is burned in coal-fired power 
plant is given in Table.1. 
Table 1. The emission rate of pollutants from coal-fired power plant, Kg/t  
Pollution SO2 NOX CO2 TSP Dust Slag 
Emission 
production 
1.2528 8 1730.97 0.26 0.4 110 
2.2. Measure of wind power’s environmental value 
x Environmental value of SO2 
Environmental value of SO2 emission in power industry can be indirectly measured by utilizing the 
desulphurizat ion costs of flue and gas. Limestone/gypsum wet FGD is the most popular desulphurization 
method in  the world, which  is adopted by 80% of world’s desulphurization equipment. Obviously, it 
directs reduction emission technique of SO2 in  China’s power industry. Therefore, we use 
desulphurization costs from limestone/gypsum wet FGD in the assessment. 
x Environmental value of CO2 
It is estimated by World watch Institute that the cost from reducing one ton of CO2 emission ranges 
from US5 dollars to US10 dollars in developing countries while the cost in developed countries amounts 
to US50 dollars, 5 to 10 times larger than that in developing countries. From the perspective of 
greenhouse effect loss, economic va lue of CO2 emission is US20 dollars per ton[6], which is 
internationally accepted environmental value of CO2. Environmental value of CO2 is 0.133RMB Yuan/kg.  
x  Environmental values of other pollutants  
Environmental values of other pollutants are measured based on related domestic and foreign 
references, American value standard and total amount of sewage charges (As shown in Tab le.2). 
The environmental value of wind power is given in Table.2 
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Table 2. The standard of environmental values on pollution from coal-fired power plant, Kg/t  
Pollution SO2 NOX CO2 TSP Dust Slag 
Environmental value 1.5 8 0.13 2.2 0.12 0.1 
2.3. A calculation example on wind power’s environmental value with reference to 500MW thermal 
power plant 
If a  thermal power plant with installed capacity equal to 500MW is utilized for 6000 hours per year, its 
generation volume is 3 b illion KWh. Further, power plant efficiency is assumed as 38%, calorific value of 
unit coal is 21.2MJ/kg and power consumption rate is 6%, then its annual coal consumption is nearly 
1.426 million tons and coal consumption per 1 KWh of power generation is around 0.475Kg. Based on 
above analysis, we figured out that the plant emits 25650 tons of SO2, 11400 tons of NOX, 2.4681 million 
tons of CO2, 375.5 tons of CO, 570 tons of TSP, 156750 tons of dust and 42750 tons of waste annually. 
As far as wind power plant with the same installed capacity is concerned, its annual generation volume is 
0.99 b illion KWh by assuming its annual effective running time as 2200 hours and efficiency of plant 
operation as 90%. Calculated in accordance with thermal power plant’s coal consumption per unit of 
power generation and emission rates of pollutants, 0.4725 million tons of coal can be saved annually. 
Moreover, the 500MW wind power p lant can reduce 8464.5 tons of SO2 emission, 3762 tons of NOX 
emission, 2.8145 million tons of CO2 emission, 122.265 tons of CO emission, 188.1 tons of TSP emission, 
51727.5 tons of dust emission and 14107.5 tons of waste emission. According to environmental value 
standard of pollutants and Eq.1, environmental value of wind power relative to coal-fired plant is figured 
out (As shown in Table.3). It is indicated in the table that environmental value of wind power relative to 
coal-fired plant amounts to 0.4494675 RMB Yuan/KWh. It should be noted that the environmental value 
we calculated does not include ecolog ical values derived from waste water discharge reduction, area 
occupation and water consumption reduction. By contrast, environmental value of natural gas is only 0.09 
RMB Yuan/KWh[7], far less than wind power’s environmental value. 
Table 3. The environmental value of wind power in capacity of 500MW 
Pollution Reducing emission production(g/KWh) Value standard(Yuan/Kg) environmental value(Yuan/KWh) 
SO2                                                 8.55 
NOX                                               3.8 
CO2                                               2824.9 
CO                               0.1235 
1.50 
8.00 
0.14 
1.00 
0.012825 
0.0304 
0.398006 
0.0001235 
0.000418 
0.00627 
0.001425 
0.4494675 
TSP 
Dust 
Slag 
Total 
0.19                                              2.20 
52.25                                            0.12 
14.25                                            0.10 
3. Analysis of sensitivity based on environmental value standard 
The difference of environmental value standard will resulted in the wind power environmental value. 
The environmental value of natural gas is 0.09 Yuan/KWh in  China, and the sensitive analysis will be 
done referred  to the environment value of natural gas: It can be got from the table that the environmental 
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value of SO2, NOX, CO, TSP, dust and slag is small, and adjusting its value standard won’t reduce the 
environmental value o f wind power. In the whole constitution of environmental value of wind  power, the 
contribution rate of CO2 is in the first place, reaching to 88.55%. According to sensitive analysis, when 
the value standard of CO2 reduces to 0.013556 Yuan/Kg, the environmental value of wind power is equal 
to natural gas, and if it  reduces continuously, environmental value of wind power will be less than natural 
gas. In the view of greenhouse gas effect, economic value of carbon emission is 20 dollar/t, which is used 
as environmental value of carbon emission. According to current situation  in China, it is impossible that 
reducing the CO2 value standard to that level. For the other pollutants, no matter how it changed, 
environmental value of wind power will never reduce to the level of natural gas.  
4. Conclusions 
According to the analysis of sensitivity of the environmental value of wind power, it is impossible that 
environmental value of wind power is less than that of the natural gas. Comparing to other powers, wind 
power have a great advantage of environmental benefit, especially the reducin g emission CO2. The 
environmental value of wind power is 0.4494675 Yuan/KWh in  China. Develop ing wind power in China 
will largely relief the burden of reducing greenhouse gases in China. 
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